ABSTRACT The main challenge in the vehicular ad hoc network vehicle-to-vehicle (V2V) multi-hop dissemination is to control the number of vehicles, that relay the broadcast message. Proper selection of relay nodes governs high delivery ratio, acceptable overall end-to-end delay, and efficient bandwidth usage. To date, several protocols have been proposed to identify appropriate relay vehicles. However, such approaches neglect the fact that vehicle transmission ranges are typically heterogeneous due to different transmission power values or dynamic adjustment of power to alleviate congestion and/or control energy consumption. In this paper, we introduce area-based dissemination protocols that work in heterogeneous transmission powers. The transmissions between relay vehicles are ordered in way that ensures that the node with high potential new coverage area transmits first. This eliminates useless transmission and retransmission that could be contained by other transmission. The new potential coverage area is computed as a function of the common overlap areas. In addition, we propose more reliable approaches by relaying duplicate received message. Thus, we introduce a geometric taxonomy for all possible overlap patterns in wireless environment, which is an apparently hitherto unsolved geometrical problem. Accordingly, we deduce the criteria used to define each pattern and relevant algebraic expression to compute the potential additional coverage area.
I. INTRODUCTION
Efficient data dissemination is considered one of the most significant problems in Vehicular Ad-hoc Networks (VANETs), because the majority of VANET applications require the propagation of messages in a very short time to all other vehicles within a range of a few kilometres from the source. For example, warning messages in safety applications are required to be delivered to all vehicles in the vicinity, so that the drivers are alerted prior to their human reaction speed. However, high mobility, non-uniform vehicle densities and limited wireless channel bandwidth cause reachability and delay issues that are difficult to manage. A number of dissemination protocols have been designed for VANETs over the past few years. Unfortunately, dissemination protocols reported in the literature generally assume an equal maximum transmission range for all vehicles in the network. Whereas, vehicle transmission ranges are typically heterogeneous owing to their different transmission power values. Differenced in transmission power values may occur also due to the dynamic adjustment of transmission power for vehicles to alleviate congestion in high density networks.
Adaptive transmission power control has been purposed for single-hop safety messages in [8] , [13] , [22] , and [23] . However, dynamic adjustment of transmission power can be adopted for multi-hop event driven messages as well. The difference in transmission powers could affect the selection of the proper relay node to retransmit the message beyond the transmission range. The efficiency of multi-hops data dissemination is correlated to the quality of the relay selection criteria. Relay vehicles should be selected in a way that reduces redundancy while ensuring a high delivery ratio and acceptable end-to-end delay.
This paper builds on our recent research in which we developed area-based data dissemination protocols for environments in which vehicles transmission ranges are heterogeneous [4] - [6] . These protocols based on the overlap area between the transmitter and the receiver as key measure to select the vehicle that should relay the message. Here, we incorporate the following updates:
1) The movement information used to consider the changes in positions is eliminated from the distance equation. This is because the overlap area must consider the sender position at the time it sends the message, and the position of the receiver at the time of receiving the message. 2) The error in position has been incorporated in the sender and the receiver position. It has been modelled as Gaussian distribution with mean µ and standard deviation σ . 3) Analyse the protocols properties that prove their efficiency of relay selection process.
In addition, we introduce more reliable approaches by relaying duplicate received message. Relaying duplicate received message is performed, if the message is predicated to cover a new area of the receiver not covered previously by earlier relay vehicles. At the same time, ensure that the transmission of a duplicate received message does not affect the order of transmission in the network. The order of transmission is performed according to the size of potential new coverage areas. This is to guarantee that the transmission achieves more coverage and avoids large overlapping area that may overwhelm the network with redundant data. To address this issue, we develop geometric expressions to compute the common area between relays transmission areas. The common area includes diverse variety of patterns in wireless environment, which is an apparently hitherto unsolved geometrical problem; thus, we deduce the criteria used to define each pattern and relevant algebraic expression. The proposed methods have been evaluated using an actual road map with complex road scenarios and realistic movement traces generated using Simulation of Urban Mobility (SUMO). The rest of the paper is organized as follows: Section II presents area-based data dissemination protocols with the incorporated enhancement. In the same section we analyse protocols properties. Analysis of the benefit and costs of retransmitting the message after it has been received f times is demonstrated in Section III. Section IV presents Area Defer Transmission with relaying redundant received message (ADTr). In the same section, we introduce geometric taxonomy for all possible patterns of three overlapped transmission ranges and identify the relevant algebraic expression for each pattern to get the potential additional coverage area. This is followed by area-based probabilistic transmission with relaying redundant received message in Section V. Two versions of the approach are introduced, Area-based Probabilistic transmission (APTr), and Areabased Probabilistic joined with area-based timer transmission (APT tr). Section VI demonstrates simulation set-up and performance metrics. Then, the performance evaluation and analysis are presented in Section VII. Conclusions are drawn in Section VIII.
II. AREA-BASED PROTOCOLS
Relay selection protocols reported in the literature generally assume an equal maximum transmission range for all vehicles in the network. Whereas, vehicle transmission ranges are typically heterogeneous owing to their different transmission power values and transmit power adaptation to prevent congestion in high density networks. ETSI included transmit power control (TPC) per packet as a component of the decentralized congestion control (DCC) mechanisms for the channels of ITS station [1] . Also, IEEE defines a transmit power element in WSMP packet to directly control radio parameters. This will create an environment with heterogeneous transmission powers and accordingly heterogeneous ranges. The difference in transmission powers/transmission ranges could affect the selection of the proper relay node to retransmit the message. For example, in instant-based protocols the receiving vehicles make the decision to forward the message based on how far it is from the preceding forwarder [11] , [14] - [21] . This is to ensure that the farthest vehicle gets the highest opportunity to relay the message and suppress redundant scheduled transmissions in the neighbourhood. However, the decision to relay the message based only on the distance in heterogeneous transmission powers will not be sufficient. For example, the farthest receiver may have a transmission range that is relatively small or enclosed by the sender, which means all neighbourhood vehicles will already be aware of the message. On the other hand, vehicles in between may have larger transmission ranges than the farthest vehicles and if it not relaying the message, many vehicles in the neighbourhood will not be aware of the message or more vehicles will relay the message. This leads to the expectation of more redundancy in the network and/or less delivery ratio. In this case, area is a better criterion than distance to select the next node to relay the message.
The concept of using area was initiated in [14] for a mobile ad-hoc network (MANET). In that study, the algorithm calculated the area covered by the previous transmission and the amount of area that would be covered by a potential new transmission. If the result was greater than a given threshold, the node relays the message. Unfortunately, that work assumed the same transmission range for all nodes. Therefore, the calculation is not valid for heterogeneous transmission ranges. In addition, it always assumes intersection between two transmission ranges, while in reality there are a variety of possible scenarios. Further, nodes transmissions are not ordered in a way that guarantees high opportunity to nodes that would cover large new areas. All nodes are allowed to relay if the potential coverage area is above the threshold value. This is allow useless retransmissions and redundancy.
In the upcoming sections, we present area-based dissemination approaches that order vehicles transmission according to the amount of additional area that would be covered by potential new transmissions, considering the heterogeneity in vehicle transmission ranges. Those approaches are Area Defer Transmission (ADT ), Area-based Probabilistic Transmission (APT ), and an integration of timer and probabilistic area-based transmission method (APTt). We start by presenting the cases of overlapping between two heterogeneous ranges and the derived geometric expression related for each case.
A. COMMON OVERLAP AREA BETWEEN TWO HETEROGENEOUS TRANSMISSION RANGES
The potential new coverage area, for a vehicle that is receive the message for the first time, is determined as a function of the common area between the sender and the receiver transmission ranges. The common overlap area, A ij , is computed in the receiver side based on information inside the event driven message (e.g. sender position, speed and sender transmission range) received from the sender, v i , and the local information of the receiving vehicle, v j . The A ij between vehicle v i and vehicle v j maximum transmission ranges can be one of four cases, as shown in Equation 1 .
subject to:
and
In this paper, we incorporate error in position. The error in position (x i , y i ), (x j , y j ) is modelled as Gaussian distribution with mean µ and standard deviation σ . Such that x i =x i + N (µ, σ ), y i =ȳ i + N (µ, σ ), and x j =x j + N (µ, σ ), y j = y j + N (µ, σ ), where (x i ,ȳ i ),(x j ,ȳ j ) is current actual position of v i and v j respectively. Also, the movement information used to consider the changes in positions is eliminated from the distance equation. Because overlap area must consider the sender position at the time it sends the message, and the position of the receiver at the time of receiving the message.
The first case in the Equation 1, depicts the case when the two vehicles become out of each other transmission ranges after receiving the message, due to mobility. In this case, there is no overlapping area between the two vehicles (i.e. A ij = 0). This case is not possible scenario because the receiver computes the overlapped area immediately after receiving the message and does not wait for a time that may cause the receiver to exit from the sender's transmission range. The second case represents the scenario when the transmission range of the receiver, v j , is enclosed by the sender's transmission area. In this case, the overlapping area is equal to the receiver's transmission area. Accordingly, the potential coverage area is zero. In such situation, the receiver will be given the lowest priority to retransmit. Allowing the receiver to relay the message only in sparse networks, when there are
no other vehicles, in the region, relay the message before the maximum defer time expires.
On the other hand, case three represents the scenario when the sender transmission range is contained by receiver transmission range. In such situation, the overlap area is equal to the sender transmission range. In contrast, case four illustrates when part of the senders and receivers transmission ranges overlap. The overlapping area in this case is the sum of the two sector segments, S i and S j , of v i and v j transmission areas that are bisected by the chord cd as shown in Fig. 1 . The area of each sector segment can be determined by the difference in area between the circle sector (e.g. cv i d) and associated triangle (e.g cv i d). More details about this equation can be found in [5] .
B. AREA DEFER TRANSMISSION (ADT ) SCHEME
The Area Defer Transmission (ADT ) does not rely on network topology information. Instead, each node decides independently based on information inside the event-driven message (e.g. position, speed and sender transmission range) and local information at the receiving vehicle. ADT orders the retransmission of a message among nodes, using the timer concept. The value of the timer is based on the overlap between the receiving vehicle's and the sender's transmission areas, and the ratio of receiver transmission range to the allowed smallest value of transmission ranges, as shown in Equation 2. Thus, the retransmission is ordered in a way that ensures the node with high potential new coverage area will transmit first. If the timer expires before receiving another copy of the same message, the vehicle proceeds with the transmission. Otherwise, it suppresses the scheduled transmission for the same message. This eliminates useless retransmission and retransmission with small coverage areas that can be covered by other transmissions.
where T max is the time required to ensure the receiving vehicle can observe if other vehicles are forwarding the message and thus decide to refrain from transmission. R j is the transmission range of the receiving vehicle v j . A ij is the common area between transmitter and receiver transmission areas computed using Equation 1. δ is a random variable, which is used to avoid collisions caused by simultaneous transmissions from two or more vehicles within the transmission range of the sender. The γ is the allowed minimum transmission range. If the overlap area is equal to the receiver transmission area, as shown in the second part of the equation, then the receiver will wait at least T max seconds. This means v j will be given the lowest priority to relay the message, because all vehicles on v j transmission ranges already receive the same message. Thus, repeating the transmission will be useless, unless it is in sparse networks and no vehicles are in the vicinity to relay the message. The rational behind using the fraction
in the equation is to ensure that the receiver with the largest additional coverage among all vehicles in the sender transmission range has the shortest waiting time. Accordingly, it has the highest opportunity to retransmit the message.
C. AREA-BASED PROBABILISTIC TRANSMISSION (APT ) SCHEME
In the APT, each node calculates the retransmit probability as a function of the overlap area between the receiving vehicle's and the sender's transmission areas, as follows:
where R j is the receiver's maximum transmission range, and A ij is computed using Equation 1. The node that receives the message for the first time retransmits the message with probability p and drop out the message with probability 1−p, with no waiting time. No retransmission is performed when a duplicate message is received, and any scheduled retransmission is suppressed, as performed in ADT scheme.
D. AREA-BASED PROBABILISTIC AND TIMER-BASED TRANSMISSION (APT t )
The APT t combines an area-based probabilistic approach with a timer-based. When a vehicle receives a message, it decides to retransmit it with probability p, as illustrated in Equation 3. Thus, with probability p, the vehicle acts as a relay node and retransmits the message after it is deferred τ seconds. The τ is computed using Equation 2. On the other hand, with probability 1 − p, the receiving vehicle drops out the message and gives up forwarding the message. When a duplicate message is received, no retransmission is performed and any scheduled retransmission is suppressed, as performed in ADT and APT algorithms. 
means that v j and v k are within the transmission range of v i . Thus, if v i relays the message m it will be received by both vehicles v j and v k . If we assume the contradiction that is (A j ∩ A k ) = ∅, then any transmission of v j will reach v k or vice versa. This means one of them will receive a redundant copy of the message. Recall that in area-based transmission protocols, any vehicles receiving a redundant copy will suppress scheduled transmission. Thus, either vehicles v j , or v k will not relay the message, and accordingly (v j ∨ v k ) ∈ S m , which contradicts the original assumption that both v j , and v k are relay vehicles. 2) As lemma 1 guarantees that relay vehicles for the same hop are disjointed, this reduces the common area between relay nodes, which ensures the reduction of useless redundancy and overhead in networks. 3) lemma 1 also ensures that vehicles in all directions will get the message. This eliminates the need to determine specific relay node for each direction. 4) Non-relay vehicles receive at least two copies of the message transmitted from distinct relay nodes. This redundancy of packet transmission improves dissemination reliability. 5) In sparse networks, if no additional coverage is achieved in ADT and APTt, at least one relay node will wait for the maximum defer time to retransmit. This waiting time will increase the chance of disseminating the message to new neighbours arriving later.
III. ANALYSIS OF RETRANSMTING REDUNDANT RECEIVED MESSAGE
In ADT, vehicles suppress their scheduled transmission of the message if it receives redundant copy from other vehicles in the same region. This section explains the benefit and cost of retransmitting the message after it has been received f times, i.e. ADT (f ). ADT (f ) allows the vehicle to transmit a message that is received less than f times. Such that when a message received for the first time, it calculates a timer using Equation 2. If the timer expires before receiving another copy of the same message, the vehicle proceeds with the transmission. Otherwise, the timer is recalculated using the new information inside the recent received message, given that the number of copies received is less than f . The vehicles that relay the message are not allowed to relay the same message later on. The study is conducted using simulation of Ottawa downtown map, which is presented in Section VI. The results are averaged over different traffic densities from 50 to 500 vehicles. Vehicles transmission ranges are heterogeneous and configured randomly within a range of 100 − 600m. We measure the proportion of vehicles in the network that received the message for the first time from a relay vehicle that receives f − 1 copies of the same message before it decides to retransmit it. This value is the additional delivery ratio, denoted by ADR(f ). Further, we measure the cost in terms of message redundancy caused by each redundant transmission.
FIGURE 2. Additional delivery ratio vs. message copy number.
The ADR(f ) for different f values is shown in Fig. 2 . The figure also demonstrates (in the first column) the total delivery ratio achieved by allowing the relay vehicle to retransmit the message if the received number of copies is less than f . The first row depicts ADT when no redundancy is allowed (i.e. ADT(1)). It shows that the message is delivered to 93%. In ADT(2), the total delivery ratio is increased to 97%. However, it is noticed that for the first copy, when f = 1, the delivery ratio is reduced to 88%, whereas the second copy reaches 9% achieving a total of 97%. For ADT(f ), with f > 2, no additional delivery ratio is achieved. However, the delivery ratios for earlier copies of the message are reduced and later copies are increased. This means that allowing retransmission for a message that it is received multiple times will change the ADT order of transmission. Thus, it may give the later copies priority over the earlier copies, which may lead to more redundancy, as shown in FIGURE3. The figure demonstrates that the redundancy rate is increased to 50% for ADT(2) compared to ADT(1) and the value increases with f until it reaches 235% for ADT (6) .
In light of these results, it is concluded that if a vehicle receives more than two copies of the message, it is more likely that earlier relay vehicles cover all its transmission area and retransmitting the message will not propagate to new vehicles. On the other hand, new vehicles can be reached by relaying a message that has been received two times or less. But it will be at the expense of more redundancy. Thus, to reduce redundancy it is important to examine if part of the receiver area is not covered by earlier relay vehicles before relaying the message. In addition, we should ensure the order of transmissions is still based on the new potential coverage size.
IV. AREA DEFER TRANSMISSION WITH RELAYING REDUNDANT RECEIVED MESSAGE (ADTr )
In light of the results obtained in the previous section, we propose Area Defer Transmission with Relaying Redundant Received message (ADTr). ADTr allows relaying one redundant copy as long as the retransmission is predicted to cover a new area of the receiver not covered previously by the earlier relay vehicle. At the same time, it intend to keep the order of transmission between candidate relay vehicles according to the potential coverage area. This is to avoid large overlapping area that may overwhelm the network with redundant data. To achieve this, the common area of the three transmission areas relative to vehicles locations is specified, and this determine the area of the receiving vehicle that is not covered by previous relay nodes taking into account the heterogeneous transmission ranges, dynamic movements of vehicles, and vehicles positions relative to one other.
A. A GEOMETRIC TAXONOMY FOR THREE OVERLAPPED TRANSMISSION RANGES
The ADTr is shown in Algorithm 1. The vehicle that receives the message checks if the message has been received earlier; if not, the receiver starts a timer before it relays the message, as illustrated in Algorithm 1 Statement 9. The timer value is computed using Equation 2. If the timer expires before receiving another copy of the same message, the vehicle proceeds with the transmission; otherwise, it suppresses the scheduled transmission for the same message. Then, it checks if the received message is the second copy and if there is a non-covered area by previous relay vehicle (refer to Lines 20-26 in Algorithm 1), after which it will restart the timer with a value proportional to the non-covered area and receiver transmission size, as follows:
whereÂ k is the transmission area of vehicle k not covered by earlier relay nodes, and γ and δ are the same parameters used in Equation 2. The threshold υ value, shown in Line 24, is configured to any value that suits the application requirements and network status. However, in our study we 
compute A kj using Equation 1 12:
if A kj = A k then 13 :
else 15 :
end if 17 : 
end if 38: end for configure the value to be zero assuming dissemination is used for safety applications.
Assume v k receives a particular message m from both v i and then from v j . Vehicle v k then decides whether to restart the timer based on the size of the non-covered area,Â k , of v k 's transmission area. This area can be determined as a function of the intersection between the different combinations of the three vehicles (v i , v j , and v k ) transmission areas as follows:
For simplicity it will be rewritten it as follow:
where
is the set of positions (x,y) in the plane that are with mostly at R k away from the center (x k , y k ).
Before tackling this problem, one must first recognize the difficulty in finding the intersection between the three vehicles' transmission areas, A ijk , due to two aspects. The first aspect is the movement of the vehicles. It may happen that by the time v k receives the warning message from v j , v i will be at different position and/or v k will be moved out of v i transmission range. In this case, A ijk will not be accurate if we depend on either the old position or the current position of v i . An example is shown in Fig. 4a , which shows the positions of the three vehicles before time t, and Fig. 4b shows their position after time t. If the potential coverage area is computed,Â k , using the position of v i after time t,Â k value will be both areasÂ a andÂ b , as shown in Fig. 4 . That is, the correct value will be the area not covered by both relay vehicles, which is only partÂ a . The same thing will occur if the position of v i is considered before time t. The value ofÂ k will count part ofÂ b in addition toÂ a . To overcome this problem, it is suggested to create a virtual position for v i , (x i ,y i ). This virtual position depends on the speed (s k ) and orientation (γ k ) of v k , such that v i takes the same position with respect to v k before movement, as shown in Equation 6 . By doing that, the exact area of v k covered by v i is known and the potential coverage area not covered by previous relay vehicles v i and v j can be computed:
The second aspect is that the intersection between the three areas does not follow the same pattern. Hence, it is first necessary to explore the variety of possible scenarios, when a vehicle is within two of its neighbours' transmission ranges. We should be able to identify situations where an area of common overlap exists as a subset of transmission area for one or more of participants and, when it is as a result VOLUME 5, 2017 
of partial intersection among the three vehicles. Analysing all possible variations for the three transmission areas in the plane, we come up with three groups. Further cases can be derived from the same presented groups by appropriate displacement of vehicles. Based on these groups, Algorithm 2 is used to compute the potential coverage area,Â k , of the v k transmission area after receiving the message from vehicle v i , followed by the same message from v j .
The first group signifies the scenarios when vehicle v k transmission area is a subset of v i transmission area or v j transmission area; that is, The second group of scenarios, as shown in Line 5-13 in Algorithm 2, represent the cases when v k 's transmission area is not a subset of other transmission areas; however, it could be a super set. At the same time, at least one transmission area of other vehicles should be a subset; that is,
For instance, when part of v k 's transmission area intersects with part of v i 's and v j 's transmission areas, and at the same time, v i 's transmission area is enclosed by v j 's transmission area or vice versa (refer to Fig. 6a, Fig. 6b ), the potential coverage area is equal to v k transmission area excluding the intersection area between v k and the superset among v i 's and v j 's transmission areas. Another scenario is when A k is a superset. In such cases, the intersection between the three transmission areas equals to the intersection between the two other transmission areas (i.e. A ijk = A ij ), as shown in Fig. 6c ; A k is computed accordingly.
In the third group, transmission areas of the three vehicles are partially intersecting with each another. In other words, each of the two transmission areas are intersected in two 
Calculate intersection points, (x ij [1, 2] , y ij [1, 2] ), and (x ik [1, 2] , y ik [1, 2] ) of R i with R j , and R i with R k respectively, using eq. 7 17: /* The distance between the intersection points and v i and v k and v j coordinates */ 18:
19:
20:
/*G3:1 One of the areas is surrounded by the others */ 22: 
places, where the following conditions are satisfied:
The intersection between the three transmission areas of v i , v j , and v k is difficult to compute. This is because the intersection does not follow the same pattern. Examination of possible variations guides us to depend on the coordinates of the intersection points. The position of the intersection points between two transmission areas with respect to the third transmission area will help define the pattern and accordingly compute the common area between the three transmission areas precisely. The coordinates of the intersections between the transmission areas of vehicles v i and v j ; that is, (x ij1 , y ij1 ), (x ij2 , y ij2 ), can be found as follows [7] :
In the same way we find the coordinates of intersections between the transmission areas for vehicles v i , and v k (i.e. (x ik1 , y ik1 ), (x ik2 , y ik2 )), and v j and v k transmission areas (i.e. (x jk1 , y jk1 ), (x jk2 , y jk2 )). The position of the intersection points between two transmission areas, for example, (x ik1 , y ik1 ), with respect to the third transmission area, (e.g. A j ) is determined by computing the distance between the intersection points and the center of the third transmission area. If the distance is less than the transmission range (e.g. R j ) then the intersection points will be located inside the transmission area. Otherwise, they will be outside the transmission area as shown in the example below: 
Example:
Accordingly, any scenario satisfies one of the following three conditions:
1) First case is when one of the transmission areas of the three vehicles is enclosed by the transmission areas of the other two vehicles, as shown in Algorithm 2
Lines 21-30. In other words, two pairs of two intersection points between two transmission areas are located inside the third transmission area, which can be recognized if the following condition is satisfied:
In this case, the overlap between the three transmission areas is equal to the sum of the intersections of the contained transmission areas with the other two transmission areas separate and deducting the area of the contained transmission area. 2) The second case in this group is when only two intersection points between two transmission areas are located inside the third transmission area, as demonstrated in the following condition: 
In such cases, the common area, A ijk , is equal to the common area between the two transmission areas with intersection points located inside the third transmission area, as shown in Algorithm 2 Lines 31-40. For example, in Fig. 7b , the two intersection points of A j with A k are inside A i . However, the A i and A j intersection points are outside A k . Also, the intersection points of A ik are not inside A j . In this case, A ijk = A jk .
3) The last case is when the common area, A ijk , has three vertices such that one of the intersection points between two transmission areas is located inside the third transmission area and the other is not, as shown in Fig. 8 . In this category, the common area, i.e. A ijk , equals to the area of segments S i , S j , and S k plus the area of relevant triangle P ij P ik P jk (i.e.A ), as shown in Equation 8 . The detail of how to compute the area of the segments and the related triangle is described in more detail in the following section.
B. COMMON AREA WITH THREE VERTICES
Recall that in group three, every two transmission areas are intersecting in two places, we will have six intersection coordinates. Three coordinates out of the six will represents the vertices for the common area, A ijk . The vertex is the intersection coordinate between two transmission areas that is located inside the third transmission area. Thus, the relevant coordinate (Px ij , Py ij ) of the intersection A ij is the coordinates located inside the transmission range of v k such that the distance between the vertex and the center (x k , y k ) is less than or equal to the transmission range R k . In the same way, we define the relevant coordinates of intersection for the transmission area of v j and v k and for v i and v k as shown in Algorithm 3 
23:
24: 
27:
32: 
35:
40: Lines1-15. After this point we will have the vertices coordinates for the common area, A ijk , formed between the transmission areas of the vehicles. To compute the area, A ijk , we have to do the following: First is to compute the area of the triangle P ij P ik P jk that is performed between the transmission areas of the three vehicles. Heron's formula is used for the triangle area as follows:
where c i , c j , and c k are the triangle sides that can be computed using the distance formula as follows:
After which, the area of segments S i , S j , and S k is computed. The area of any segment is equal to the circular sector minus the related triangle, and can be calculated using Equation 9 (see Fig. 8a ).
where h = {i, j, k}. However, there are situations where the area of sector cannot be computed using Equation 9 . For example, if we try to compute S k in Fig. 8b the formula
) will provide the opposite angle, which is related to a different circular sector. The analysis of Fig. 8b and its variations leads to the intuition that the situation can arise only when the vehicle transmission range is the smaller than the other two vehicles transmission ranges and the line that joins its intersection points with other vehicles transmission areas is located between the intersection point of the other two vehicles transmission areas and its position. For example, in Fig. 8b , R k is less than R i and R j and the line joining P ik and P jk is located between P ij and its position (x k , y k ) such that it satisfies the following conditions:
where m k = Py jk −Py ik Px jk −Px ik . Accordingly, S k is calculated using Equation 11 if the Condition in 10 is true; otherwise, it is computed using Equation 9 .
In the same way, S i and S j are computed. Thus, Equation 9 is updated as follows:
where h = {i, j, k}. The final step is to calculate A ijk using Equation 8.
V. AREA-BASED PROBABILISTIC TRANSMISSION WITH RELAYING REDUNDANT RECEIVED MESSAGE
A probabilistic approach has been presented in Section II-C and Section II-D. Introduced here is an enhancement of the approach to give vehicles with larger potential coverage area high priority to relay the message than the one with small potential coverage area or small communication range. Moreover, it allows retransmitting of a duplicate received message, if the retransmission is predicted to cover a new area of the receiver not covered previously by the earlier relay vehicles. This ensure that the priority of the transmission between candidate relay vehicles is not disordered and performed according to the potential coverage area. When a vehicle receives a message, it decides to retransmit it with probability p, as illustrated in Equation 13 .
whereÂ j is the transmission area of vehicle j not covered by earlier relay nodes and A ij is the overlap area between the transmission area of vehicle j and the transmitter i, computed using Equation 1. The fraction R j β is the relative size of the receiver k to the maximum allowed transmission range β. The purpose of this fraction is to ordered transmission between all vehicles in the network according to the size of potential coverage area.
Thus, with probability p the vehicle acts as a relay node and with probability 1 − p the receiving vehicle drops out and gives up forwarding the message. Accordingly, there are two versions of the approach. The first one is area-based probabilistic joined with area-based timer, which is identified as (APT tr ). In APT tr , the vehicle retransmits the message with probability p, but after it's deferred τ seconds. Deferred time, τ , is computed using Equation 2. The second version is areabased probabilistic (APTr), where the vehicle retransmits the message with probability p without deferring transmission.
VI. SIMULATION SET-UP AND PERFORMANCE METRICS
Results in this research were obtained using the NS2 network simulator. The simulation is based on data from a real map of down-town Ottawa streets (see Fig. 9 ), which was generated VOLUME 5, 2017 from OpenStreetMap. The map area is 2064m X 2102m. It includes such details as highways and secondary roads, intersections, highway junctions and traffic lights to represent realistic scenarios. The movement traces are generated using SUMO [3] , a microscopic road traffic simulation package that combines vehicle movement with lane changing and intersection control, and constrains vehicle movements to selected streets. Accordingly, the speed for each vehicle is limited to the maximum speed allowed in each road that is configured in OpenStreetMap. The attached video demonstrates a close view of some location of the map used in the simulation. It shows the running of one of the generated trace files. The video illustrates different roads with various numbers of lanes and how the vehicles speed is limited to the maximum speed configured for each road. It also illustrates how is the speed of vehicle changed in relation to the vehicle ahead. In addition, vehicles may decide to slow down in order to execute a lane-change manoeuvre or aid other vehicles with lane changing.
The MAC (media access control) and the physical layers are based on the IEEE 802.11p model presented in [9] , with receiver sensitivity of −84 dBm, and heterogeneous transmission power. Transmission power for each vehicle was selected randomly, to achieve a transmission range of 100 − 600 m. Event-driven messages were generated every 1 s from a source node randomly chosen from the entire pool of the network nodes. A list of simulation parameters used in this work is given in Table 1 . The performance metrics used to evaluate dissemination approaches with a confidence level of 95% were:
• relay ratio, which represents the ratio of vehicles in the network that retransmit the source message;
• relay coverage rate, which evaluates the quality of the selected relay vehicles, by quantifying the number of vehicles receiving the message for the first time from a single relay vehicle transmission.
• redundancy rate, which measures the number of duplicate messages in the network per one source message;
• delivery ratio, which measures the proportion of vehicles in the network that successfully receive the message;
• maximum hops traversed, which refers to the average number of maximum hops the messages traversed;
• maximum propagated distance, the average maximum distance traversed by the messages in the network;
• average end-to-end delay, which represents the difference between the time when the message was initiated and when it was received;
VII. PERFORMANCE EVALUATION
The first part of the experiments evaluate the performance behaviour of the area-based transmission approaches (i.e. ADT , APT , APTt) incorporating the changes performed as described in Section II-A. These approaches are compared with Distance Based Forwarding (DBF) [18] , [19] , and distance version algorithm presented in [12] . The second part of the experiments evaluates the performance behaviour of the area-based transmission approaches, when allowing retransmission of duplicate received message (i.e. ADTr, APT , APTr, APTt, and APTtr).
A. AREA-BASED TRANSMISSION PROTOCOLS AND DISTANCE-BASED VERSION
The ADT , APt, and APTt protocols are compared with Distance Based Forwarding (DBF) [18] , and distance version algorithm presented in [12] , will be referred as DdDT . DBF is an enhanced version of the timer-based approach DDT [21] . It has integrates hop count with a timer-based approach, to avoid contention due to simultaneous transmission. The hop count is used to suppress transmission if the same packet is received from one hop greater than the previously received message. The algorithm in [12] is also a timer-based approach that computes the timer as a function of distance. However, it uses a directional distance, d d , between the node and sender, rather than Euclidean distance, d e . The directional distance d d is computed as follows:
Both approaches start a timer, τ , before transmission, where τ is calculated as follows:
where R j is the receiver's transmission rang. The distance
The vehicle whose timer is due in the DdDT approach, retransmits the message after a brief random time in DIFS. The purpose of the short time is to avoid possible collisions caused by concurrent transmissions from two or more vehicles with the same defer time.
The relay coverage rate is presented in Fig. 10a . The figure illustrates number of vehicles receiving one source message from one relay node. It measures the quality of the selected node to relay the message in terms of the number of vehicles receiving the transmitted message. The figure shows that relay selection of timer-based approaches ADT and APTt outperform than other approaches. The vehicles that relay the message reach more vehicles than other approaches, and the number increases almost linearly when the number of vehicles increases. This is because the decision of ADT and APTt is based on the potential coverage area and it is not performed stochastically. In addition, the back-off time helps the receiving node to decide with high certainty to relay the message or not, such that if the node does not receive a copy during the back-off time, it is more certain that it will cover a new area. Less coverage per relay node yields more vehicles relaying the message. Thus, the relay ratio for distance-based algorithm are larger than for other approaches, as illustrated in Fig. 10b . The ratio of vehicles relaying the message in ADT , APTt are 4%, and 6% consequently, on average for all densities, whereas it reaches 27% for DBF and 17% for DdDT and APT .
The increase in ratio of relay vehicles will increase the hops traversed, as shown in Fig. 10c. In Fig. 10c , we demonstrate the effect of increasing the number of vehicles into the number of hops the messages traversed. The figure shows an increase in the number of hops traversed with the increase of total number of vehicles in the network for the distance-based approaches and APT , whereas it is more stable for area-based timer (e.g. ADT , APTt) approaches, particularly with respect to high density. This proves that area-based approaches are more scalable to the increase in density than distance-based. With the increase of number of vehicles in the network, messages in the ADT and APTt approaches traversed less hops than the DBF and DdDT approaches, and also propagated to a greater distance than the others, as shown in Fig. 10d . This is because DBF and DdDT are based on the distance to defer retransmission. Thus, vehicles with small potential coverage area may transmit first causing other vehicles with large potential coverage to suppress their transmission. Fig. 10e measures the number of duplicate messages in the network per one source message. The figure shows that DBF and APT have the highest redundancy in the network, whereas ADT and DdDT have the lowest redundancy in the network. Nevertheless, the saved retransmission ratio for ADT and APTt are the highest, whereas it is low other approaches, as illustrated in Fig. 10f . This is indicate that DBF and APT have useless retransmission, and DdDT and APTt suppress important transmissions. This is also depicted in Fig. 10g , which shows that the proportion of vehicles in the network that successfully receive the message in ADT is much higher than with APT and APTt.
Recall that in APT there is no back-off time, while in other approaches the defer time is proportional to potential coverage area, APT has the lowest average end-to-end delay, as shown in Fig. 10h . Whereas, the distance-based approaches have the highest end-end delay even though they cover less distances and less nodes than area-based approaches. On the other hand, the average end-to-end delay for ADT and APTt are less than 0.04s, which is in the range of safety applications requirements.
In Fig. 10i, Fig. 10j , and Fig. 10k we demonstrate the ratio of overlapped cases with different total number of vehicles in the network. Recall that we have four cases, as shown in Equation 1. Case 1 represents the scenario when the receiving vehicle become out of sender transmission area or vis versa. The percent of this case is zero for all the protocols, because the receiving vehicle computes the defer time immediately after receiving the message and does not wait for a time that may cause both vehicles exit each other transmission area. Thus, we remove it from the graphs. However, Case 2 represents the scenarios when the transmission area of the receiver already covered by sender transmission area and no benefit from retransmitting the message again. In this case ADT outperforms other protocols because it has only %8, while it is %20 for DBF protocol and %36 for DdDT . We note that in ADT Case 2 is not prevented totally from retransmission, thus the percentage of this case is low but not zero. This is because in ADT , if no additional coverage is achieved (e.g. sparse networks) at least one relay node will wait for the maximum defer time to retransmit. This waiting VOLUME 5, 2017 time will increase the chance of disseminating the message to new neighbours arriving later. Therefore, Case 2 percentage is reduced with the increase of total number of vehicles in the network for ADT and DBF, while it is not for DdDT . Consequently, ADT in Case 2 and Case 3 percentages, which represent the scenario when the sender covers part of the receiver transmission area, outperforms other protocols.
B. AREA BASED TRANSMISSION WITH RETRANSMISSION OF REDUNDANT RECEIVED MESSAGE
In this section, we evaluate the performance behaviour of the area-based transmission approaches, when allowing retransmission of duplicate received message (i.e. ADTr, APT , APTr, APTt, and APTtr). The Event-driven messages in these experiments generated every 1 s from a source node randomly chosen from the entire pool of the network nodes. Also, periodic beacons were generated every 1 s by all the nodes in the network to one-hop neighbours. The propagation model is shadowing propagation model with path-loss exponent equal to 2.7 and shadowing deviation equal to 4.0 dB, as recommended by [2] and [10] .
1) AREA DEFER TRANSMISSION WITH RETRANSMISSION OF REDUNDANT RECEIVED MESSAGE
In this section, we report the results of comparing the performance of the ADTr compared to ADT and ADT (2). The ADT is described in Section II and used in the comparison to measure the amount of enhancement achieved by transmission of redundant received message. The ADT (2) is an ADT technique that allows the vehicle to retransmit a duplicate message received from different relay vehicle considering the potential coverage area based on last relay vehicle ignoring the covered area by the earlier relay vehicle, refer to Section III. In contrast, ADTr, which is presented in Section IV, allows retransmission of a duplicate message as long as the retransmission is predicted to cover a new area not covered by all previous relay vehicles. At the same time, ensure this transmission do not impact the order of transmissions, which are performed according to the potential coverage area.
In Fig. 11a , we demonstrate the effect of increasing number of vehicles into the maximum number of hops required for disseminating the message. The figure shows that the maximum hops count for the three approaches almost the same, where the maximum number of hops required to disseminate the message is between four to five hops. In spite of that, the ratio of vehicles that relay the message in ADTr is less than ADT (2), as shown in Fig. 11b . This proves that there are useless transmissions in ADT (2) are mitigated in ADTr. The ratio of vehicles that relay the message in ADT is less than ADTr and ADT (2), because it is not allowing redundancy. The relay ratios for all algorithms are gradually reduced with the increase of total number of vehicles, which reveals that area-based timer algorithms are scalable to the increase of the total number of vehicles in the network. Since ADTr has less relay ratio than ADT (2), it has also less redundancy, as shown Fig. 11c . The difference between ADTr and ADT (2) is increased with the increase of number of vehicles. Nonetheless, all the three algorithms have the same average end-to-end delay and reach the same maximum distance, as shown in Fig. 11d, and Fig. 11e respectively. Despite the fact that ADTr has less redundancy than ADT (2), the proportion of vehicles in the network that successfully receive the event message is the same with slight enhancement. The delivery ratio of ADTr and ADT (2) outperform ADT especially in low number of vehicles. This confirms the hypothesis that relay nodes selected by ADTr are more effective than ADT (2) owing to their low relay ratio, and redundancy. It has also high delivery ratio compared to ADT .
2) AREA BASED PROBABILISTIC APPROACHES WITH RELAYING REDUNDANT RECEIVED MESSAGE
This part of the experiments examine the probabilistic approaches APTr and APTtr as described in Section V. The APTr and APTtr are compared to the original algorithms, i.e., APT and APTt, that do not allow retransmitting redundant received message.
The difference between the ratio of vehicles that relay the message for APTt, and APTtr approaches is almost negligible particularly in high number of vehicles, as shown Fig. 12a . On the other hand, the relay ratio of APTr is increased compared to APT , where it gets to 60% of the total number of vehicles for APTr. Accordingly, the maximum hops count for APTr is increased compared to APT , as shown in Fig. 12b . The hops count value for APTr and APT exceed the expected value of hops that is equal 5.64, given the map area is 2064m X 2102m and the transmission ranges vary within 100m − 600m. On the other hand, number of hops for APTt and APTtr almost the same in particularly with respect to high density, where the maximum hops the message traversed is less than five.
The dramatic increase in relay ratio and hops count for APT , and APTr lead to considerable increase in the redundancy rate, as shown in Fig. 12c . Also, the figure shows that VOLUME 5, 2017 there are big difference in redundancy rate between APT and APTr. Whereas, there is reasonable increase in redundancy rate for APTtr compared to APTt.
The maximum distance traversed by the messages in the network is illustrated in Fig. 12e . The figure shows that APTr outperform APT in low number of vehicles. The same thing is applied to APTtr, which outperform APTt in low number of vehicles in the networks. However, all probabilistic approaches converge to the same distance with the increase of vehicles in the network.
The APTtr approach outperforms APTt in delivery ratio, as shown in Fig. 12d . The same thing is applied to APTr, which outperforms APT in delivery ratio. The APTr delivery ratio outperforms APTtr delivery ratio. However, the enhancement for APTr in delivery ratio, compared to APTtr comes at the expense of useless transmissions that overwhelmed the network with large number of redundant data.
Comparing ADTr, APTr, and APTtr with each other. The maximum propagated distance traversed by the messages in the network is almost the same for ADTr, APTr, and APTtr, as shown in Fig. 11d and Fig. 12e . Nevertheless, maximum hops count for APTr is larger than other approaches, and increases with the increase of vehicle numbers as shown in Fig. 12b . On the other hand, the values of hops count for ADTr, and APTtr are more stable with the increase of total number of vehicles in the network. This means that retransmission probabilistically without back-off time, such as in APTr, is not scalable to vehicles density. This is because back-off time helps the receiving node to decide with high certainty to relay the message or not, such that if the node does not receive another copy during the back-off time, it is more certain that it has the larger potential coverage area. Otherwise, recalculation is performed based on the information inside the received duplicate message. This can be also confirmed in Fig. 12a and Fig. 11b , where the relay ratio of APTr is very large, which is equal on average 60% of the total number vehicles in the network. In contrast, it is less than 10% for ADTr and APTtr. As consequence, the redundancy for APTr increased dramatically with the increase of vehicles total number, as shown Fig. 12c . Furthermore, it has the worst performance, in terms of number of redundant message in the network, compared to other timer approaches.
Referring to Fig. 13a and Fig. 13b , we can summarise our observation as follow. First, APTr outperforms ADTr, APTtr in delivery ratio, but at the expense of huge useless transmissions that may overwhelm the network with redundant data. Second, ADTr is better than APTtr in delivery ratio. However, APTtr superior in low redundancy rate, which can be utilized in a congested environments, where the redundancy is a big issue. Finally, area-based data dissemination protocols with timer (i.e. ADTr and APTtr) are more scalable to the increase of total number of vehicles than probabilistic approach, owing to the stable hops count, and the decrease of relay ratio with increase of vehicles in the network.
VIII. CONCLUSION
In VANET, V2V multi-hop data dissemination has been considered a promising technology to support safety-related applications that have strict quality-of-services requirements such as low latency, high-reliability, scalability. This has been increasing with the need to alleviate congestion in highdensity networks and to control energy consumption. One way proposed by scholars is to dynamically adjust transmission power for vehicles. This leads to heterogeneous transmission ranges environments, which require multi-hop for data dissemination. Reported data dissemination protocols in literature generally assumes an equal transmission powers for all vehicles in the network. Thus, we proposed areabased dissemination protocols that work in heterogeneous transmission powers. In addition, we introduce protocols with more reliable option that allow retransmission for a duplicate received message only if there is a predicated new area to be covered.
The performance of the proposed techniques has been evaluated using an actual road map with complex road scenarios and realistic movement traces. The following interesting findings were drawn from the results. First, more vehicles receive a message transmitted by a single relay vehicle with ADT than with other distance versions. This confirms the hypothesis that relay nodes selected by area-based timer are more effective than others, owing to their higher delivery ratios, end-to-end delay and the fewer hops with long distance hops. Second, the probabilistic area-based approach without timer concept increase redundancy, however, it is very fast at disseminating data compared with other approaches. Third, redundancy and retransmission are reduced more with controlling defer time in timer area-based approaches than with a probabilistic approach, without affecting reachability in the network and the delivery ratio. Fourth, APTt can be utilise in high number of vehicles in the network because it achieves less redundancy than ADT with almost the same delivery ratio and propagated distance. fifth, proposed approach for more reliable dissemination (i.e. ADTr) outperform the method of computing the potential coverage based on the last relay vehicle, owing to higher delivery ratio and low redundancy rate. Finally, area-based data dissemination protocols with timer (i.e. ADTr and APTtr) are more scalable to the increase of total number of vehicles than probabilistic approach, owing to the stable hops count, and the decrease of relay ratio with increase of vehicles in the network.
The results presented here have a general significance in VANETs, and could be used in many VANET applications in particular safety applications. They also can be utilized for routing protocols in route discovery and maintenance mechanisms. Merging area-based protocols with network topology protocols remains for future work.
